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CORRELATION OF ELONGATION IN PRIMARY 
AND SECONDARY BRANCHES OF PINUS 
RESINOSA 
By Rw C. FRIESNER AND J. JOH;\NNA JONES 
In a previous paper (1) dealing with duration, rate, and magnitude 
uf elongation of primary, secondary, and tertiary axes in two trees of 
P. resinosa and one of P. strobus) it was found that: (1) Elong'ation 
hegan at approximately the same time on all hranches over the entire 
contour of the tree. (2) Primary axes showed greater total and 
higher daily rate of elongation than was shown in any of the secondary 
or tertial'y axes in each of the 3 trees studied. (3) Secondary axes 
exhihited successively shorter total elongation, shorter duration of 
growth and slower daily growth rate from the topmost whorl down­
ward. (4) Dnration of elongation in the primary axis was greater 
than in secondaries in P. strobus) but in P. 'resinosa, duration of elon­
gation in the upper 2-4 secondaries equalled that of the primary axes. 
All of these data cOI'ered the elongation exhibited dming the 1942 
season only. No other published work dealing with comparison of 
amollnt of elongation in primary and secondary axes of pines is 
known to the writers. 
Since the appearance of the above paper, it has become of im­
portance to knuw how generally the results obtained with respect to 
relation 0 f total elongation in primary and secondary axes hold for 
the same tree O\'er a period of years and in a larger number of trees, 
IVIETHODS 
Length of "internodes on the primary axis and on three secondary 
axes fur each yea r (false whorl) for each of 18 trees of red pi ne were 
measured with a meter stick. The trees lIsed had been planted in 
1940 as a reforestation project. The topmost 8 years of growth were 
used. Measurements were taken in early March 1952, The elonga­
tion used occurred during the years 1944-1951. Trees 1-9 were 
seleetecl from the eastern marginal row of the planting and some of 
the lowermost 2-3 years of secondary branches show some degree of 
closure, Trees 10-18 were sufficiently separated that no closure was 
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but reference to their graphs will readily show that they had not 
reached the same height as that attained by trees 1-9. This difference 
is probably due to the fact that trees 10-18 were sllfficiently near a 
forest stand of deciduous trees to be shaded for a period during the 
early part of the forenoon. 1'\0 appreciable difference in relationship 
of elongation a f primary to secondary branches between trees of the 
two groups is detectable. 
RESULTS 
Elongation of primary and secondary axes of each of the 18 trees 
is shown in figures 1-2. The topmost bar (P) in each group of bars 
represents the primary axis and successive secondary axes from the 
top downward are numbered A-H. The topmost group of bars (p, 
A-H) represents growth dl1ring 1951: the next lower group of bars 
(P, B-H) represents growth during 1950, etc. Obviously, secondary 
branch A will show in the graph for the year 1951 only; branch B 
will show for 1951 and 1950 only; branch C will show for 1951. 1950. 
and 1949 only: and so continuing down the tree: branch H will show 
all years, 1951-1944. The bars representing elongation in secondary 
branches were constructed f rOI11 averages of 3 branches from each 
"whorl" except in a few cases where only 2 were present. 
It will be noted that during every year of growth for all 18 of the 
trees, the primary axis showed greater elongation than the avcrages of 
the 3 secondaries which developed during the same year except for 4 
of the 144 possible tree-growth years, viz. tree 6, dllfing 1949; tree 
10 in 1950 and in 1944; and tree 16, in 1944. It will also be noted 
that as a general rule the amount of elongation occurring during any 
particular year in secondary axes decreased successively on branches 
from the top downward. J i we take tree 1 as an example (fig. 1). we 
find that dming 1951 the primary axis elongated 725 mm: the average 
elongation of 3 of the topmost secondaries (A) was 480 mm; that of 
the next lower secondaries was 380 mm ; and so on down the tree 1lntil 
the lowermost secondaries showed an average of only 105 mm. vVe 
note that branch H showed greater elongation for 1945 than did 
brancb G abo.....e it. 
If we consider all secondary branches for all years, there are 504 
possibilities for a secondary branch to grow more or less during any 
particular year than the secondary above it. Of these 504 possibilities 
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we find 76 cases where, during the same year, a branch grew more 
than the one above it. Exceptions thus occur in 15.1 Yc of the pos­
sibilities, 
Length of "internodes" on secondary branches has a strong tend­
ency to be progressively greater from the younger toward the older 
portion of the same branch, i.e. from the tip of the branch toward the 
primary axis of the tree except for the oldest <'internodes" of each 
branch. Figure 3 presents annual elongation for branches F, G, and 
H (the lowermost 3 branches) for each of the 18 trees. In the case 
of branch H (lowenl10st branch) every tree except trees 10 and 16 
show length of median "internodes" to be greater than those at the tip 
of the branch and those next to the main axis of the tree. In 12 of 
the 18 trees, length of terminal "internode" of the branch is less than 
that of the oldest "internode" 0 f the branch. 
Branch G (next above the lowermost) shows much the same 
length-of-internode relation as branch H (fig. 3). In all 18 trees the 
longest "internodes" are median and the shortest are at the beginning 
and the end of each branch. In 8 trees the outermost (1951) 'inter­
node" is the shortest; in the other 10 trees the innermost (1944) 
"int.ernode" is the shortest. 
Branch I' (second above the lowermost) shows the median "inter­
nodes" generally longer than those at the tip and those nearest to the 
primary axis, but there are some exceptions, e.g, trees 13. 15, 16, 17 
(fig. 3). 
Among the secondary branches, there is a tendency for the longest 
"internode to be that "internode" which was formed during the year 
after initiation of the secondary, i.e. in the second year of its growth. 
The following table illustrates the point. 
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Year oi Number of 
Braneh Initialed Longest Internode Trees 
G 1945 1946 second year 14 
1947 1 
19~8 1 
1949 I 
1950 1 
F 1946 1946 I 
1947 second year 14 
1948 1 
1950 1 
One tie between '46 and '47 1 
E 1947	 1947 8 
1948 second year 7 
1949 1 
1950 2 
D 1~48	 1948 5 
1949 secone! year R 
1950 3 
1951 I 
Tie between '48 and '49 1 
c 1949	 1949 5 
1950 second year 8 
1951 4 
Tie between '49 and '50 I 
. It was noted ahove that there are 504 possihilities for a secondary 
to grow more in a particular year than the secondary above it. Within 
these 504, there are 126 possibilities for a secondary in its second 
year of growth to grow more than the secondary above it. Since 126 
is 25 % of 504, we might expect 25 % of the seconclaries which grow 
more than the secondary ahove them. to do so in their second year 
of growth. 
Seventy-six instances where a secondary grew more than the one 
above were found. Of these, 52, or ca. 68%, of the longer "inter­
nodes" were on secondaries in their second year of growth. This is 
more than 2.5 times the percentage expected. 
Am0l1l1t of elongation for each year in the primary axes 0 f the 18 
trees is shown in figure 4. In general, the amount of elongation dur­
ing each succeeding year has increased with increased age of the trees. 
Trees 2, 17, 18 present the greatest degree of divergence from this 
general trend. The character of the growth behavior of primary 
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axes in these trees appears to justify the conclusion that they are too 
young to reveal uhvious response to variations in the year-to-year 
environmental conditions which pertained at their present site during 
the 8 years for which data were taken. These trees were transplanted 
in April 1941, thus having had 11 growing seasons since being trans­
planted, the last 8 of which were used in this study. During these 
8 years, height growth ranged from 2.170 to 4.095 meters. Trees 1-9 
all showed total height growth for the 8-year period ahove 3m, while 
that for trees 10-18 was below 3m in all cases. 
Miss Motley (2) found a striking correlation between annual axial 
growth of 100 trees of P. strobus and :May-November rainfall of the 
preceding year. Elongation in four lower branches from each tree 
gave similar correlation. The composite curve for annual height 
growth in 50 trees of P. resinosa showed a general trend upward, 
though rate of increase over the preceding year was slackened in 1941 
following a slump in J\'Jay-November rainfall for 1940, and definite 
decrease in amount of elongation appeared in 1945 following a greater 
slump in !I·Iay-:\'o\·ember rainfall for 1944. 
Graphs of rainfall for various month combinations are shown in 
figure 5. Comparison of growth graphs of primary axes with rain­
fall graphs shows no correlation. Even though the rainfall graphs 
show variation from year to year, the growth graphs show a general 
trend for each year to be greater than the preceding one. This lack 
of correlation is interpreted to be due partly to the fact that both an­
nual and ~Iay-l\ovember rain fall was high for all years except 1944, 
which was the first year of measurements, and hence had no preced­
ing year with which to be compared. and partly to the fact that the 
trees were still in the process of becoming established following trans­
planting. It should also be noted that l\'liss "Motley (2) found that 
red pine cloes not show as marked correlation between elongation and 
rainfall of the previous storage season as is shown by white pine. 
A significant correlation between amount of elongation and 
amount of rainfall during May-November of the preceding year is 
shown in branch H, the oldest secondary branches on these trees. 
Thirteen of the 18 trees studied formed the longest "internode" of 
branch H in 1946, the third year of growth. This is in disagreement 
with the general tendency to form longest "internode 0, in the second 
year of the life of the branch. Figure' 5 shows the highest rainfall 
127 
for the years 1944-51 to have occurred in 1945, the storage season 
preceding 1946 growth. This. coupled with the fact that the lowest 
rainfall recorded occurred in 1944, should explain low growth in 1945 
(the second year) and high growth in 1946 (the 3d year) for 
branch H. 
High rainfall in 1945 would augment the tendency for branch G 
to grow more in 1946 (its second year), might in f1uence the first year 
of branch F, and wonld not directly affect branches initiated after 
1946. 
SUMMARY AND CONCLUSIONS 
1. Height growth in P. resinosa is greater in each particular year 
than the amount of elongation in any particular secondary branch for 
the same year. Exceptions were found in 4 out of 144 possibilities. 
2. Amount of elongation in any particular year in secondary 
branches decreased successively on branches from the top of the tree 
downward. Exceptions were found in 15.1 % of the possibilities. 
3. Length of <'internodes" on secondary branches has a strong 
tendency to be progressively greater from the younger toward the 
older portion of the same branch, i.e. from the tip of the branch 
toware! the primary axis, except for oldest <'internodes" of each 
branch. 
4. In the present study. covering only the uppermost 8 years of 
growth in trees 11 years after transplanting, the amount of elonga­
tion in primary axes was greater each year than during the preceding 
year. Ko correlation in primary axes was discernih1e with rainfall. 
This is taken to indicate that the trees under study were too young 
and were still in the process of becoming established following trans­
planting. 
5. The fact that rainfall was high for all years except the first 
year for which observations were taken probably helps to account for 
absence of any obvious growth-rainfall correlation. 
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